In this note we show that the normal stresses on the surface of a rigid body in an It was deemed appropriate to present the proof in this note since no such details are available in literature.
where A = (∇u + ∇u T ) is the rate-of-deformation tensor, η is the viscosity, λ 1 is the relaxation time and λ 2 is the retardation time. Hats on the stress and rate-of-deformation tensors denote the upper-convected time derivative.
One of the main axioms of mechanics is the requirement that material response be independent of the observer. This is the condition of frame indifference or material objectivity. Extra-stress tensor T is frame indifferent if during any change in observer it transforms according to (Gurtin [2] )
where T and T * are the extra-stress tensors with respect to the two observers, say unstarred and starred, respectively. Q(t) is a rotation tensor which transforms the starred axes to the unstarred axes. It can be verified that the constitutive equation for T satisfies the condition of frame indifference given by (3) (Bird [3] ). Hence, observers in different frames of reference should conclude the same about the state of stress at any point in an
Oldroyd-B fluid. We therefore choose a frame of reference translating and rotating with the rigid body in order to study the state of stress on its surface. The rigid body is stationary with respect to this moving frame.
Define an orthogonal curvilinear coordinate system ( ξ 1 , ξ 2 , ξ 3 ) such that the coordinates ξ 1 and ξ 2 are along the surface of the stationary rigid body and ξ 3 is normal to it. We assume the surface of the rigid body to be smooth so that the normal and tangent directions can be defined. By the no-slip condition, fluid velocity u = 0 on the surface of the rigid body. The no-slip condition also implies
and ξ ξ (4) at any point on the surface. Let u 1 , u 2 , u 3 be the components of velocity in each of the coordinate directions ξ 1 , ξ 2 , ξ 3 respectively. The no-slip condition and the divergencefree constraint for velocity together imply that
Due to the no-slip condition and (5) the velocity gradient tensor L at any given point on a rigid body becomes 
Using the no-slip condition, (6) and (7) the constitutive equation can now be written as 
Thus we see that the value of the normal component of stress in any frame is the same as that inferred by an observer moving with the body.
The above results can also be proved using the Oldroyd-B model in its integral form.
The well known result that normal stress on a rigid surface in an incompressible
Newtonian fluid is zero can be obtained as a special case of (8) 
